Since the early work of Loewe & Voss (1930) many workers have confirmed the presence of a proliferative response in the prostatic complex of castrated rodents on androgen stimulation. The time-relationships of this response have also been analysed (Burkhardt, 1940; Allen, 1956 Allen, , 1958 Coffey et al., 1968; Ritter, 1969) , and the results obtained have allowed Turkington (1971) to discern threecomponents: a latent period of 15-20h, during which marked increases in the rates of protein and RNA synthesis occur (Kochakian, 1963) , in preparation for the second component, a period of DNA synthesis and of cell division (Coffey et al., 1968) . During this second phase the thymidine-labelling and mitotic indices rise rapidly and reach a plateau at between 40 and 50h after stimulation. Continuation of androgen administration results in a slow decline in mitotic index (Cavazos & Melampy, 1954) and in thymidine incorporation (Shepherd et al., 1965) .
At the same time as this induction of DNA synthesis there is evidence of cellular differentiation with hypertrophy, cytoplasmic vacuolation and production of secretion. The sequence described is akin to events following stimulation of DNA synthesis in the oestrogen-stimulated endometrium of the castrate (Epifanova, 1966), the partially hepatectomized liver (Grisham, 1962) and many other models found both in vivo and in uitro (Stein & Baserga, 1972) .
There are several analogous events in all models of induced DNA synthesis. The first of these is the similar biochemical preparation for DNA synthesis, responsible for the common latent period of relatively constant duration. This finding indicates that before stimulation these cells are in a common proliferative state, which has been called the 'GO' phase. With this statement an apparent anomaly becomes evident: the cells of the prostatic complex of the castrated animal and endometrium are non-functional, whereas hepatocytes are differentiated and fully functional. However, the latent periods between stimulation and the onset of DNA synthesis are remarkably similar in these systems, indicating that the state of differentiation is not a limiting factor.
Go-phase cells are consequently in a phase of proliferative rest; it is difficult, of course, to distinguish between a true Go phase and a very long postmitotic interval (tgl), but for practical purposes the distinction is immaterial. After castration the labelling and mitotic indices are even lower than in intact controls (Morehead & Morgan, 1967) , and there is evidence of considerable cell loss; Kochakian (1963) found a 40 % loss of ventral prostatic DNA within 14 days of castration.
Androgen stimulation of the prostatic complex of the castrated mouse thus provides an excellent model in which both the cytokinetic action of androgens and growth control during induced DNA synthesis may be studied. It has the additional and important advantage of easy reproducibility.
Despite an earlier attempt by Tuohimaa & Niemi (1968) to analyse cell proliferation after androgen stimulation, the underlying kinetic events responsible for the changes in the mitotic and labelling indices remain obscure. This applies particularly to the fall in Vol. 1 Male Balbjc mice aged 3 months were castrated, and 14 days later were exposed to continuous androgen stimulation in the form of 250yg of testosterone propionate in oil given subcutaneously every 24h. In the seminal vesicle, after a latent period of 20h there was a rapid increase in the labelling index from less than 1 % to over 25% at 35-45 h; a steady fall to 5 % at 90h then occurred. The mitotic index rose at about 30h, reaching a peak at 48h and then showing a similar decline. These time-relationships indicate the passage of a cohort of cells into DNA synthesis with subsequent mitosis. The temporal difference between the onset of DNA synthesis and mitosis gives an estimate of ts+ f,, (the duration of DNA synthesis plus the duration of the premitotic interval) of 9.5 h.
The parameters of the cell cycle were estimated by the FLM (fraction of labelled mitoses) technique, carried out at 24,48 and 72h, and the results for the seminal vesicle are summarized in Table 1 . At 24 hit was not possible to obtain a second peak in the FLM curve, and consequently a direct measurement of T, (the cell-cycle time) was not available. It is probable that the second division of labelled cells is swamped by the entry of large numbers of unlabelled cells into division. At 48 h a distinct second peak was apparent, indicating that many of the labelled cohort had divided a second time, and giving a T, value of 17.5h. At 72h, again no evidence of a second peak was obtained. However, no change in ts was apparent, indicating that the decrease in the labelling index noted at this time was due to movement of cells out of the proliferative cycle.
Although a T, value is only directly ascertainable at 48 h, calculated values for T, are given (Table l) , obtained by using Cleaver's (1967) 
(1) where t2 = (fg2+3tm). It is evident that the calculated values for T, are long, and at 48 h the calculated T, is longer than the observed T,. This latter observation indicates that throughout the response a proportion of the population is not in the proliferative cycle, i.e. a growth fraction exists and is less than unity. The only alternative is to postulate an extremely labile tol. We may calculate the growth fraction (Ip): Z p = ZL(E~P.JZL(T~~~~.) (2) where ZL(Exp.) is the observed labelling index and ZLCTheo,.) is the theoretical labelling index calculated from eqn. (1) and assuming a growth fraction of unity. If we assume that the T, value measured at 48 h is applicable at 24 and 72 h, then the increase and subsequent decrease of the labelling and mitotic indices may be explained by the changes in growth fraction (Table 1) .
The proposal that changes in proliferating population are responsible for the variation in proliferative indices is regarded as being much more tenable than postulating a very labile tnl. Also, a marked change in tgl without accompanying alteration in ts (Table 1) is a most unusual situation. We may then assume a relatively constant T, throughout the proliferative response; the rise in proliferative indices at the onset may be explained by non-functional cells moving into the proliferative cycle from Go phase. After each division a fraction of the resulting progeny move out of cycle with a consequent fall in growth fraction.
From these considerations a model of the kinetic events during the proliferative response can be set up; this is shown in Scheme 1. Cells leave Go phase and enter the first G,-phase period, which appears to last about 20h. Most current opinion is for the siting after mitosis, and probably in late GI phase, of the decision whether to remain in the proliferative cycle or to 'decycle' and enter the differentiated compartment. The numbers of cells taking these alternative paths is controlled by the 'decycling probability'. This parameter is similar to that introduced by Bresciani (1968), who defined the distribution, or d-ratio, as the ratio of the proportion of cells re-entering the proliferative cycle (q) to the proportion leaving it (v); this latter concept is the decycling probability.
Studies involving the use of grain-count distributions (Morley & Wright, 1972) have shown that the decycling probability is close to 0.75. The decycling probability is central to a computer simulation that has been designed to model the events during the proliferative response. The model shown in Scheme 1 was treated analytically in an interactive environment involving graphical presentation of output. The curves were fitted to the experimental results by employing the transformation : The integral equations of the system were set up and solved numerically. The model produced labelling and mitotic-index curves, and FLM curves that were consistent with the experimental findings for the seminal vesicle.
The coagulating gland was analysed experimentally in exactly the same manner; after a similar latent period a rise in proliferative indices was apparent, but in the case of the coagulating gland definite evidence of synchrony was obtained, with two definite peaks in the proliferative indices. Nevertheless it was possible to fit the experimental results with curves generated by the simulation. Further, the model produced continuous-labelling curves and curves describing cell population growth. These curves were Differentiated cells I I Scheme 1. A model describing kinetic events in the castrated-mouse prostate complex afer androgen challenge subsequently found to be consistent with experimental results available only after the computer print-out. The usefulness of the model has therefore been checked in prediction.
In conclusion, the proliferative events occurring in the mouse prostatic complex after castration and later rechallenge with androgen can be explained on the basis of a model involving movement into, and subsequently out of, a Go phase. Some indication of the rate of movement of cells out of Go phase is available from the labelling and mitoticindex curves; the rate of movement into Go phase and the role of cell loss in controlling the extent of the proliferative response are important aspects that require investigation.
Hormonal Effects on Deoxyribonucleic Acid Synthesis in the Uterus under Physiological Conditions
FERNAND LEROY and CHRISTIANE BOGAERT Laboratory of Experimental Gynaecology, St. Pierre Hospital, 1000 Brussels, Belgium
Compared with the numerous studies on the effects of exogenous sex steroids in castrated animals, uterine cell proliferation under physiological conditions has been relatively neglected. This is partly due to the rapid hormonal modifications occurring in normal animals. Such fluctuations preclude the use of methods such as the classical curve of labelled mitoses, which require a steady-state situation.
Double labelling with thymidine allows this difficulty to be overcome, since it gives an almost immediate picture of cell proliferation, provided that the time between the injections of labelled thymidine is kept short (for a full description of the method see Galand, 1967) .
The changes of proliferative parameters were studied by this technique in uterine and vaginal epithelia during the rat oestrous cycle (Table 1) . In both tissues maximal cell renewal takes place during dioestrus concurrently with the rise in plasma oestrogen concentrations (Hori et al., 1968; Kobayashi et al., 1968; Brown-Grant et a[., 1970; Shaikh, 1971) . In both vaginal and uterine epithelia there is a significant shortening of the duration of DNA synthesis (S phase) at late dioestrus. At proestrous cell proliferation is still high, but in some animals it tends to slow down. This decrease can be attributed to the inhibitory effect of high concentrations of progesterone (Martin & Finn, 1968) being secreted at the end of this stage (Feder et al., 1968; Kobayashi et al., 1968; Holzbauer & Mason, 1970; Piacsek et al., 1971) . During late oestrus cell division in genital-tract epithelia declines to a minimum value, coincident with the lowest concentrations of secreted
